**************** 




Disclosure to Promote the Right To Information 

Whereas the Parliament of India has set out to provide a practical regime of right to 
information for citizens to secure access to information under the control of public authorities, 
in order to promote transparency and accountability in the working of every public authority, 
and whereas the attached publication of the Bureau of Indian Standards is of particular interest 
to the public, particularly disadvantaged communities and those engaged in the pursuit of 
education and knowledge, the attached public safety standard is made available to promote the 
timely dissemination of this information in an accurate manner to the public. 




Mazdoor Kisan Shakti Sangathan 
"The Right to Information, The Right to Live'' 



IS 12024 (1986) : Methods for Determination of 
Charqacteristics of Focal Spots in Diagnostic X-Ray Tube 
Assemblies for Medical Use [MHD 15: Electromedical 
Equiment ] 




Jawaharlal Nehru 
'Step Out From the Old to the New" 



aj^&vi f 7ui^s:y%K^ isb^^ni^seg 



:<>5&i| mT'5K^5?::5:^>^i»l 



K^^^iXSVCd^ 



Satyanarayan Gangaram Pitroda 
Invent a New India Using Knowledge 



Bhartrhari — Nitisatakam 
''Knowledge is such a treasure which cannot be stolen" 




^'^^^r 



k 




BLANK PAGE 



^*-^^^ 





PROTECTED BY COPYRIGHT 



13:12024-1386 

( Reaffirmed 2001 ) 

Indian Standard 



METHODS FOR DEIERMINATION OF 

CHARACTERISTICS OF FOCAL SPOTS IN 

DIAGNUSTIC X RAY TUBli ASSEMBLIES 

FOR MEDICAL USE 



UDC 621 S&6'2 3 <jlb — 0-73- 754-7 



O Cifprn^ht 1987 
BUREAU OP INDIAN STANDARDS 

MANAK TIHAVAN. 9 1SAHAI>UE SHAH ZAFAR MAKG 

NEW Pl^LHl I1IMJU2 

Gj. 7 Septmbtr !9B7 



IS 1 12024 4 1986 

Indian Standard 

METHODS FOR DETERMINATION OF 

CHARACTERISTICS OF FOCAL SPOTS IN 

DIAGNOSTIC X-RAY TUBE ASSEMBLIES 

FOR MEDICAL USE 

Electromedical Equipment Sectional Committee, ETDG 50 

Chairman Representing 

SiTBGEON Rbab Admiral A, K. Ministry of Defence (R&D) 
Deb 

Members 

Shbi B, S. Bedi Department of Electronics, New Delhi 

Shri B. a. Ghetty ( Alternate ) 
Pbof S. K. Guha Directorate General of Health Services^ 

New Delhi 
Db G. Habidasan Bhabha Atomic Research Centre, Bombay 

Shri G. Subrahmanian ( Alternate ) 
Col S. K.Jain Armed Forces Medical Services, New Delhi 

Maj-Gen J. M. Groveb ( Alternate ) 
Shbi K. S. Khandpur Central Scientific Instruments Organization, 

Chandigarh 
Shbi V. K. Sharma ( Alternate ) 
Shri D. B. Malik Directorate General of Technical Devehtpment, 

New Delhi 
Shbi P. K. Mantbi Electromedical Pvt Ltd, Indore 

Shri D. Naoabaj Rao Siemens India Ltd, Bombay 

Shbi R. P. Rao ( Alternate ) 
Shri N. Narayana Rao Directorate of Standardization, Ministry of 

Defence, New Delhi 
Shbi D. P, Dhiman ( Alternate ) 
Shri B. Pasricha All India Instruments Manufacturers* & Deahrs 

Association, New Delhi 
Shri M. M. Kala ( Alternate ) 
Dr R. S. Saxena Safdarjung Hospital, New Delhi 

( Continued on page 2 ) 



© Copyright 1987 

BUREAU OF INDIAN STANDARDS 

This publication is protected under the Indian Copyright Act ( XIV of 1957 ) and 

reproduction in whole or in part by any means except with written permission of the 

publisher sh^U be deemed to be an infringement of copyright under the said Act. 



IS : 12024 - 1986 



( Continued from page 1 ) 
Members 

Shri D, Sbii^iidhi 

Shbi D. L. Sule ( Alternate ) 
Shri S, p. Sachdev, 
Director ( Elec tech ) 



Representing 
Elpro International Ltd, Pune 

Director General, BIS ( Ex-officio Member ) 



Secretary 

Shbi B. K. Mahata 
Jonit Director ( Elec tech ), BIS 



IS: 12024-1986 

Indian Standard 

METHODS FOR DETERMINATION OF 

CHARACTERISTICS OF FOCAL SPOTS IN 

DIAGNOSTIC X-RAY TUBE ASSEMBLIES 

FOR MEDICAL USE 

0. FOREWORD 

0.1 This Indian Standard was adopted by the Indian Standards Institu- 
tion on 26 August 1986, after the draft finalized by the Electromedical 
Equipment Sectional Committee had been approved by the Electrotechni- 
cal Division Council. 

0.2 While preparing this standard, assistance was derived from lEG Pub 
336 ( 1982 ) * Characteristics of. focal spots in diagnostic X-ray tube 
assemblies for medical use', is?ued by the International Electrotechnical 
Commission ( lEG ). 

0.3 For the purpose of deciding whether a particular requirement of this 
standard is complied with, the final value, observed or calculated, express- 
ing the result of a test or analysis, shall be rounded off in accordance 
with IS : 2-1960*. The number of significant places retained in the 
rounded off value should be the same as that of the specified value in this 
standard. 



1. SCOPE 

1.1 This standard deals with methods of determining characteristics of 
focal spots of diagnostic X-ray tube assemblies for medical use, operating 
at X-ray tube potential differences up to and including 200 kV. 

1.2 It is not intended that this standard be applied for the determination 
of the characteristics of focal spots of X-ray tube assemblies particularly 
designed for use in equipment for reconstructive tomography. 



♦Rules for rounding off numericatl values ( revised ). 
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1.3 Measuring methods and requiremients for test arrangements to be 
applied for evaluating compliance with this standard are described to- 
gether with the means of indicating compliance both of the specified 
characteristics of focal spots and the radiograms prepared in checking 
these characteristics, 

2. TERMINOLOGY 

2.1 Accompanying Documents — Documents provided with an electri- 
cal installation, electrical equipment or accessory and containing important 
information for the assembler, installer and user, particularly regarding 
safety. 

2.2 Actual Focal Spot — Area on the surface of the target that intercepts 
the beam of accelerated particles. 

2.3 A^ode — In an X-ray tube, electrode to which electrons forming a 
beam are accelerated and which usually contains the target. 

2.4 Anode Speed — In a rotating anode X-ray tube, angular velocity at 
which the anode rotates, usually expressed in revolutions per minute. 

2.5 Blooming Value — As a characteristic of the effective focal spot of 
an X-ray tube, ratio of two star pattern resolution limits obtained under 
specific measuring conditions. 

2.6 EflFective Focal Spot — Perpendicular projection of the actual focal 
spot on the reference plane. 

Note — The shortened term *focaI spot' refers to the 'effective focal spot.* 

2.7 Focal Spot Pinhole Radiogram — Radiogram obtained by means 
of a pinhole camera, showing the shape and orientation of an effective 
focal spot and the spatial distribution of radiant intensity of the radiation 
emitted across the effective focal spot. 

2.B Focal Spot Slit Radiogram — Radiogram obtained by means of a 
slit camera, showing the distribution of radiant intensity in the direction 
normal to the length of the slit, of the radiation emitted across an effective 
focal spot. 

2.9 Focal Spot Star ^Radiogram — Radiogram obtained by means of 
a star pattern camera, for the determination of the star pattern resolution 
limit in one or more directions across an effective focal spot, 

2.10 Focal Track — In a rotating anode X-ray tube, part of the anode 
which is struck by the beam of electrons during rotation of the anode. 
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2.11 Intensifying Screen — Layer of material used in direct radiography 
to convert the incident X-radiation or gamma radiation into radiation 
more suitable for the radiation-sensitive emulsion of the radiographic 
film. 

2.12 Irradiation Time — Duration of an irradiation determined accord- 
ing to specific methods, usually the time a rate of radiation quantity 
exceeds a specified level. 

2.13 Loading Factor — Factor influencing by its value the X-ray tube 
load, for example. X-ray tube current, loading time, equivalent anode 
input power, X-ray tube voltage and percentage ripple, 

2«14 Xoading Time — Time, determined according to a specified 
method, during which the anode input power is applied to the X-ray 
tube. 

2.15 Modulation Transfer Function — As a characteristic of the focal 
spot of an X-ray tube, absolute value of the Fourier transform of the one- 
dimensional distribution of radiant intensity emitted across the eflfective 
focal spot. 

2.16 Nominal Anode Input Power — Highest constant anode input 
power that can be applied for a single X-ray tube load in a specific 
loading time 

2.17 Nominal Focal Spot Value — Dimensionless numerical value 
having a specific relation to the dimensions of the eff'ective focal spot of an 
X-ray tube, measured under specific conditions. 

2.18 Nominal X-ray Tube Voltage — Highest permitted X-ray tube 
voltage for specific operation conditions. 

2.19 Non-Screen Film — In direct radiography, radiographic film for 
use without an intensifying screen. 

2.20 Normal Use — Operation, including stand-by state, according to 
the instructions for use or for the obvious intended purpose. 

2.21 Pinhole Camera — Assembly of equipment used to obtain a focal 
spot pinhole radiogram on radiographic film. 

2.22 Radiographic Film — Sheet or roll material consisting of a 
transparent carrier covered with radiation-sensitive emulsion on one or 
usually both sides and designed for use in direct radiography, 

2.23 Radiographic Rating — For the operation of an X-ray tube, speci- 
fied combination of conditions and loading factors under which the 
specified limits of loadability of the X-ray tube are attained. 
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2.24 Reconstructive Tomography — Tomography in which the infor- 
mation obtained from the object is recorded and allows the reconstruction 
df images of layers in the object by corresponding treatment or processing. 

2.25 Reference Axis — For a radiation source, line parallel to the refe- 
rence direction through the centre of the radiation source. 

2.26 Reference Direction — For a radiation source, specified direction 
to which characteristics such as target angle, radiation field and specifica- 
tions with respect to the imaging quality of the radiation source arc 
referenced; 

2.27 Reference Plane — For an eflfective focal spot, plane perpendicular 
to the reference direction containing the point at which the reference axis 
intersects with the actual focal spot, 

2.28 Rotating Anode X-ray Tube — X-ray tube in which the anode 
rotates. 

2.29 Slit Camera ~ Assembly of equipment used to obtain a focal spot 
slit radiogram on radiographic film. 

2.30 Specific — When used in combination with parameters or conditions 
referring to a particular value or standardized arrangement, usually to those 
required in an lEC standard. 

2.31 Specified — When used as an adjective in combination with par- 
ameters or conditions referring to a value or arrangement to be chosen 
for the purpose under consideration and indicated, usually in the accom- 
panying documents. 

2.32 Star Pattern Camera — Assembly of equipment used to obtain a 
focal spot star radiogram on radiographic film. 

2.33 Star Pattern Resolution Limit — As a characteristic of the focal 
spot of an X-ray tube, lowest spatial frequency which cannot be imaged 
under specific measuring conditions. 

2.34 Target — Part of an X-ray tube or a particle accelerator onto which 
is directed a beam of accelerated particles to produce ionizing radiation 
or other particles. 

2.35 X-ray Tube — Evacuated vessel for the production of X-radiation 
by the bombardment of a target, usually contained in an anode, with 
electrons accelerated from a cathode by an electric field. 

2.36 X-ray Tube Assembly — X-ray tube housing with an X-ray tube 
installed. 

2.37 X-ray Tube Current — Electric current through the anode of an 
X-ray tube. The X-ray tube current is expressed by its mean value in 
milliamperes ( mA ) . 
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2.38 X-ray Tube Housing — Container for an X-ray tube providing 
protection against electric shock and against X-radiation and having a 
radiation aperture. The X-ray tube housing may optionally contain addi- 
tional components. 

2.39 X-ray Tube Load — Electrical energy supplied to ah X-ray tube 
expressed by a combination of values of loading factors. 

2^0 X-ray Tube Voltage — Potential difference applied to an X-ray 
tube between the cathode and the anode. The X-ray tube voltage is 
expressed by its p^ak value in kilovolts ( k V ) . 

3. PRINCIPLE OF MEASUREMENT 

3.1 Today, the X-ray tube technology as well as the systematic investiga- 
tion of imaging procedures has developed significantly. The earlier method 
for the determination of the dimensions of a focal spot based upon a focal 
spot pinhole radiogram was very difficult if nominal foc?il spot values were 
smaller than 0*3 because the results are affected by factors, such as 
transmission through the shielding of the diaphragm and the need for 
repealed irradiations of the radiographic film due to tube loading conside- 
rations. Therefore, a new method, using a pair of focal spot slit radio- 
grams b as been developed which will be applied oven the entire range of 
usual nominal focal spot values. It avoids former uncertainties in 
determining the dimensions of focal spots and gives valuable results even 
in cases of distorted focal spots. Purtherniore, it provides basic data in the 
form of pair of focal spot slit radiograms allowing determination of the 
imaging properties of the focal spots m the form of a pair of one-dimen- 
sional, modulation transfer functions. 

3.2 Thus, not only the method for the determination of the dimensions of 
focal spots but also that for the determination of the modulation transfer 
function will be based exclusively upon the use of the pair of focal spot 
slit radiograms for all normal focal spot values, 

3.3 In addition, further standard methods are described for establishing 
focal spot characteristic. These are in common use? and will continue to 
have their place for use by manufacturers ( focal spot pinhole radiograms ) 
and in the field ( focal spot star radiograms ). 

3.4 Maintaining the multiplier 0*7 for nominal focal spot values of 0*3 
and greater is justifiable due to the fact that these focal spots are almost 
exclusively designed for very high loads which cause the distributioia in 
radiant intensity over the length to exhibit a pronounced peak with relati- 
vely shallow shoulders. This results in larger linear dimensions for the 
length of the focal spot compared to width even though the modulation 
transfer functions for both width and length may be approximately equal. 
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3.5 Focal spots in the range below 03 are normally designed for magnifi- 
cation techniques with a more rectangular distribution of the radiant 
intensity over both width and length. Here the modulation transfer 
functions are comparatively equal thereby indicating the same dimensions 
for width and length. Additionally, in the absence of earlier standards, 
there is no sound reason to perpetuate the factor of 0*7 for the new 
range. 

3.6 The production of focal spot star radiograms has been standardized 
because of their usefulness in making a simple assessment of the imaging 
properties of a system under field conditions by establishing the star 
pattern resolution limit under those conditions ( assuming the focal spot 
has such a characteristic ). 

4. INFORMATION 

4.1 Index of information regarding specific aspects characterizing the 
focal spot and method of determining such characteristics is given in 
Table 1. 



TABLE I METHODS FOR EVALUATION OF SPECIFIC ASPECTS 




CHARACTERIZING THE FOCAL SPOT 




Eqttipmbsnt Used 


Cr.A08B 
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TO Obtain 
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Obtained 
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Compliance with 


Inform ATioN 




Charateristics of 
Focal Spot 






(1) 


(2) 


(3) 


(4) 


(5) 


Pair of focal spot slit 
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Dimensions 
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radiograms ( see 








focal spot value 


Note 1 ) 




Imaging 
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Specified pair of 
one - dimensional 
modulation tra- 
nsfer 


Focal spot pinhole 


6 


Orientation 






radiogram 




Radiant instensity 

distribution 
Symmetry 






Focal spot star 


7 


Star pattern resolu* 


10 




radiogram ( see 




tion limit 






Note 2 ) 




Blooming value 


11 





Modification of focal 
spot properties 
over the life time 

Note 1 — A method for the determination of the rms value of the line spread 
function as a further characteristic of the focal spot is under consideration. 

Note 2 — The distribution of radiant intensity over a focal spot does not 
always provide a point where the modulation transfer function will reach the 
spatial frequency axis; in this case, the method by means of a focal spot star radio- 
gram is not applicable. 



is : ia024 - 1966 



5. FOCAL SPOT SLIT RADIOGRAMS 

5.0 Focal spot slit radiograms are used for the determination of focal spot 
dimensions according to 8 and determination of the modulation transfer 
function according to 9. A method of production of focal spot slit radio- 
grams is given below. 

5.1 Test Equipment 

5.1»1 Slit Camera — Focal spot slit radiograms shall be oblained by 
means of a slit camera containing a slit diaphragm of the dimensions given 
in Fig. 1 , 

>5 



// 



0-002 



a 



I 
H- FOCAL SPOT 

0-01+0-005 




Fig. 1 Essential Dimensions of Slit Diaphragm 
5.1.2 The slit diaphrygm shall be made from any one of the following: 

a) tungsten, 

b) tantalum, 

c) alloy of gold and 10 percent platinum, 

d) alloy of tungsten and 10 percent rhenium, or 

e) alloy of platinum and 10 percent iridium. 

9 
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5, 1.3 Radiographic Film — Focal spot slit radiograms shall be made on a 
fine grain radiographic film for use without intensifying screens, for exam- 
ple, dental radiographic film. 

5.2 Test Arrangement 

5.2.1 Alignment of Slit Camera — The reference axis shall pass through 
the centre of the incident face of the slit diaphragm and shall form an 
angle with the axis of symmetry of the slit diaphragm smaller than or 
equal to 10-3 radian ( see Fig. 2 ). Appendix A gives information regarding 
alignment to the reference axis. 



a^lO'^rad 



Jt^' 



F OCAL SPOT 



iT; 



AXIS OF SYMMETRY 



REFER ENCE AX IS \ \j OF THE SLIT 
^.-^^ 




Fig. 2 Alignment of Slit Camera 

5.2.2 Position of Slit Camera — The incident face of the sHt diaphragm 
shall be placed at a distance from the focal spot so that the variation of 
the magnification over the extension of the actual focal spot does not 
exceed ±5 percent in the reference direction ( see Fig. 3 ), according to 
the following forumlae: 



n 



m ' m + k 



> 0-95 El 



m 



V05 E 



where 



E = magnification, 

k ^ distance from the reference plane to the edge of the actual 

focal spot distal from the diaphragm, 
m = distance from the reference plane to the incident face of 

the diaphragm, 
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n = distance from the radiographic film to the incident face of 
the diaphragm, and 

p = distance from the reference plane to the edge of the actual 
focal spot near to the diaphragm. 

In no case shall these distances be less than 100 mm. 



LENGTH OF THE 
ACTUAL FOCAL 
5PQT 




PLANE OF ANODE 



REFERENCE PLANE 



INCIDENT FACE OF THE 
DIAPHRAGM 



REFERENCE AXIS 



LENGTH OF THE 
EFFECTIVE FOCAL SPOT 



RADIOGRAPHIC FILM 



Fig. 3 Reference Dimensions and Planes 
11 
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5,2.3 Orientation of Slit Diaphragm 

5.2.3.1 For the production of a pair of focal spot slit radiograms, slit 
diaphragm shall be orientated so that the length of the slit is normal with- 
in ±0*09 radian ( ±5° ) to each of two directions of evaluation. 

5.2.3.2 For measurements over the length of the focal spot, the 
direction of evaluation shall be parallel to the longitudinal axis of the 
X-ray tube assembly or to a specified longitudinal axis. 

5.2.3«3 For measurements over the width of the focal spot, the 
direction of evaluation shall be general, normal to the direction of evalua- 
tion according to 5.2.3.2. 

If the projection of the effective focal spot in the reference direction 
is distorted, the direction of evaluation over the width may be chosen 
nornial to the pronounced orientation of the regions of highest radiant 
intensity, usually the direction over the focal spot showing the smallest 
width { seeFig, ^ ). 

For visualization of orientation and the distribution of radiant inten- 
sity, see focal spot pinhole radiograms in 6. 

DIRECTION OVER THE 
WIDTH 





DiRECTiON 
OVER THE 
LENGTH 



Fig. 4 Directions of Evaluation Over Distorted Focal Spot 

5.2.3.4 If the X-ray tube assembly does not have an identifiable 
longitudinal axis, a longitudinal axis shall be specified together with the 
focal spot characteristics. 

5.3 Position of Radiographic Film 

5.3.1 The radiographic film shall be placed normal to the reference at 
a distance from the incident face of the slit diaphragm determined from the 
appropriate magnification according to Table 2. 



12 



il^ : 12024 - 198d 



TABLE 2 MAGNIFICATION FOR FOCAL SPOT SLIT RADIOGRAMS 

{ Clause ^,3A ) 



Nominal Focal Spot Value 

( see 8.2 ), 

/ 


(1) 
/<0-4 

0-5 </< ro 

1-1 </ 



Magnification 


( see Fig. 3 ), 


n 


(2) 


Ep 3 


£> 2 


£^ 1 



5*4 Operating Conditions 

5.4.1 X-ray Tube Assembly — The X-ray tube shall be installed in an 
X-ray tube housing of the type for which it is specified for normal use or 
it shall be placed under equivalent mounting and operating conditions as 
far as these can influence the results of the test. 



5.4.2 Loading Factors 

5.4.2.1 Focal spot radiogram(s) 
loading factors according to Table 3. 



shall be obtained with constant 



TABLE 3 LOADING FACTORS 

( Clauses 5 A,2A and 5.4.2.2 ) 



NominaIj X-kay 

Tube Voltage, 

U 



(1) 
kV 

' t/< 75 
75 < U < 150 
150 < ?7 < 200 



Loading Factor 
f^ , — 



Required 
X-ray tube voltage 

(2) 



Required 
X-ray tube current 

(3) 



y 



50 percent of X-ray tube curr- 
ent which corresponds to 
the nominal anode inupt 
power specified for the focal 
spot 



Nominal X-ray tube voltage 

75 kV 

50% of nominal X-ray tube 
voltage J 

Note 1 — The X-ray tube current determining the nominal adode input power 
may be applicable for loading times up to 0*1 s. The value of 50 percent is appli- 
cable loading times according to the radiographic ratings for longer loading times 
necessary for the required blackening of the radiographic film. 

Note 2 — ■ For rotating snode X-ray tubes, the anode shall be rotated at the 
highest anode speed specified in the applicable radiographic ratings. 
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5.4.2«2 Special loading factors — If the loading factors according to 
Table 3 do not fall within the radiographic ratings for the X-ray tube 
concerned or if they otherwise do not cover the typical special applica- 
tions of specified normal use of the X-ray tube, appropriate loading factors 
shall be cliosen. In this case, the loading factors under which the focal 
spot radiogram(s) were obtained, shall be stated together with the 
charactersitic(s). 

Note 1 — The loading factors according to Table 3 are reasonable for the 
usual diagnostic X-ray tubes with application over a wide range in X-ray tube 
voltages and X-ray tube load. For X-ray tubes specified for special applrications 
which are applied over small ranges of X-ray tube voltages and X-ray tub loads, 
the loading factors for the test shall correspond to those specific applications. In 
particular cases, it will be appropriate, as information to the user, to give the 
characteristics of a focal spot for several conditions of loading. 

5,4,3 Special Arrangements — If, for the purpose of producing suitable 
focal spot radiograms, special arrangements were made for adjustment and 
alignmerU of slit camera and X-ray tube assembly or if special electrical 
or loading conditions prevailed, details shall be stated together with the 
characteristic(s) in the statement of compliance. 

5.5 Production of Focal Spot Slit Radiograms 

5.5.1 The direction of evaluation over the width of the focal spot 
according to 5,2.3-3 shall be determined. 

5.5.2 A pair of focal spot slit radiograms shall be produced as given 
in 5.1 to 5.4. 

5.5,2;1 The radiographic film shall be exposed so that after full 
development, a local diffuse density between 1*0 and 1*4 is obtained in 
areas of highest blackening found in the central third or half of the slit 
image width at the mid point of its length. The blackening of the film due 
to fog and base shall not exceed a diffuse density of 02. 

5.6 Statement of Compliance 

5.6.1 If compliance with this standard for a pair of focal spot slit radi- 
ograms is to be stated, this shall be done as follows: 

Focal spot slit radiogrm with magnification used and determined in 
accordance with S.S.S, together with the following, as appropriate: 

a) Loading factors ( see 5.4.2,2 ), 

b) Special arrangements ( see 5.4,3 ), and 

c) Description of the longitudinal axis of the X-ray tvibe assembly 

( see 5.2. 3 A ), 

14 
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6. FOCAL SPOT PINHOLE RADIOGRAMS 

6.1 Focal spot pinhole radiograms are used for showing orientation and 
distribution of radiant intensity over the effective focal spot. A method of 
indicating compliance with this standard of a focal spot pinhole radiogram 
is included. 

6.2 Test Equipment 

6.2.1 Pinhole Camera — Focal spot pinhole radiograms shall be obtained 
by means of a pinhole camera containing a pinhole diaphragm with a 
pinhole having the dimensions given in Table 4 for the corresponding 
nominal focal spot value. The essential dimensions of a pinhole diaphragm 
are given in Fig. 5. 

TABLE 4 DIMENESIONS OF THE PINHOLE 



Nominal Focal Spot 
Value 

(1) 
/< 1-0 

1*1 </ 



Dimensions (mm) 



Diameter, P 

(2) 
0-030 ± 0-005 
0-lOO± 0-005 



Height, H 

(3) 
0-075 ±0-010 

0-500 ±0-010 



6.2.1.1 The pinhole diaphragm shall be made from any one of the 
following: 

i) tungsten, 

ii) tantalum, 

iii) alloy of gold and 10 percent platinum, 

iv) alloy of tungsten and 10 percent rhenium, or 

v) alloy of platinum and 10 percent iridium. 



-h FOCAL SPOT 




Fig. 5 Essential Dimensions of a Pinhole Diaphragm 
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6.2.2 Radiographic Film — Focal spot pinhole radiograms shall be made 
on a fine grain radiographic film for use without intensifying screens, for 
example, dental radiographic film. 

6,3 Test Arrangemeut 

6,3.1 Alignment of the Pinhole Camera — The reference axis shall form an 
angle with the axis of the pinhole smaller than or equal to 10"3 radian 
( see Fig. 6 and Appendix A ). 



FOCAL SPOT 



a.:< 10 rod 




Fig. 6 Alignment of Pinhole Camera 



6.3.2 Position of Pinhole Camera — The incident face of the pinhole 
diaphragm shall be placed at a distance from the focal spot so that the 
variation of the magnification over the extension of the actual focal spot 
does not exceed ±5 percent in the reference direction ( see 5.2 and 
Fig. 3 ). In no case shall this distance be less than 100 mm. 

6.3.3 Position of Radiographic Film — The radiographic film shall be 
placed normal to the reference direction at a distance from the incident 
face of the pinhole diaphragm determined from the applicable magnifica- 
tion according to Table 5. 



TABLE 5 



MAGNIFICATION FOR FOCAL SPOT PINHOLE 
RADIOGRAMS 



Nominal FocaI/ Spot Value 

( see 8.2 ), 

/ 

(I) 
/< 1-0 
1*1 </ 



Magnification 

{seeTig.%), 

n 

m 

(2> 

E>2 

E> 1 
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6.4 Operating Conditions — The focal spot pinhole radiograms shall 
be obtained under the operating conditions described in 5.4, 

6.5 Production of Focal Spot Pinhole Radiograms — The radiogra- 
phic film shall be exposed so that after full development, a local diffuse 
density between 10 and 1-4 is obtained in areas of highest blackening. The 
blackening of the film due to fog and base shall not exceed a diffuse 
density of 0*2. 

6.6 Statement of Compliance — If compliance with this standard for 
a focal spot pinhole radiogram is to be stated, this shall be done as 
follows: 

Focal spot pinhole radiogram with magnification used according 
to 8.3.5j together with the following, as appropriate: 

a) Loading factors ( see 5.4.2.2 ) , 

b) Special arrangements ( see 5.4.3 ), and 

c) Description of the longitudinal axis of the X-ray tube assembly 

{see 5.2.3 A ). 

7. FOCAL SPOT STAR RADIOGRAMS 

7.1 The method of production of focal spot star radiograms used for deter- 
mination of star pattern resolution limit and blooming value of focal spots 
described in 10 is given below. 

A method of indicating compliance with this standard of a focal spot 
star radiogram is included. 

7.2 Test Equipment 

7.2.1 Star Pattern Camera — Focal spot star radiograms shall be obtained 
by means of a star pattern camera containing a test pattern which consists 
of an array of alternating high and low absorbing wedges. The high 
absorbing wedges shall be made of lead or an equivalent material and 
shall have a thickness of 0'03 to 0*05 mm, 

All wedges shall have a vertex angle B equal to or less than 0'035 
radian ( approximately 2° ). 

The active area of the test pattern shall cover 2k radians and shall 
have a diameter of at least 45 mm. 

The essential dimensions of the test pattern and its basic structure 
shall be as shown in Fig. 7. 
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All dimensions in millimetres. 
Fig. 7 Essential Dimensions of Test Pattern 

7.2 Radiographic Film — Focal spot star radiograms shall be made on 
any fine grain radiographic film for use without intensifying screens, for 
example, non-screen film. 

7.3 Test Arrangement 

7.3.1 Alignment of Star Pattern Camera — The reference axis shall form 
an angle with the axis of the test pattern smaller than or equal to 10-s 
radian ( see Fig. 8 and Appendix A ). 

7.3.2 Position of Star Pattern Camera — The incident face of the test 
pattern shall be placed normal to the reference direction at a distance 
from the focal spot allowing a magnification M' of a value such that the 
dimensions ^^ and -^l, measured according to 10.3 will be more than or, 
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where this is not practicable, as near as possible to one-third of the 
diameter of the image of the test pattern but not less than 25 mm ( see 
also 7.3.3 ). 




Fig. 8 Alignment of Star Pattern Camera 

7.3.3 Position of Radiographic Film ~ The radiographic film shall be 
placed normal to the reference direction at a distance from the incident 
face of the test pattern which results in a magnification M' as determined 
from the expected star pattern resolution limit R, according to the 
formula: 

M' ^ R ZO 

where 

M' = magnification to be used^ 

R = expected star pattern resolution limit in line pairs per 
millimetre, 

Z = dimension on the radiogram of the appropriate outmost 
distorted zone in millimetres, and 

$ = vertex angle of the absorbing wedges in radians. 

7.4 Operating Conditions 

7.4.1 The focal spot star radiogram shall be obtained under the operat- 
ing conditions described in 5.4. 
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7.5 Production of Focal Spot Star Radiograms 

7.5.1 The radiographic film shall be exposed so that after full develop- 
ment, a local diffuse density between 1*0 and 1*4 is obtained for ihe 
regions of the low absorbing wedges which show the highest blackening. 
The blackening of the film due to fog and base shall not exceed a diffuse 
density of 0*2. 

7.6 Statement of Compliance — If compliance with this standard for a 
focal spot star radiogram is to be stated, this shall be done together with 
the magnification determined according to 10.4.1 as follows: 

Focal spot star radiogram with magnification ( see Note ). 

NoTJE — The magnification shall be stated as a numerical value. 

8. DETERMINATION OF FOCAL SPOT DIMENSIONS 

8.1 The method of determination of focal spot dimensions on the basis 
of a pair of focal spot slit radiograms is given below. Criteria for compli- 
ance with this standard and the method of indicating nominal focal spot 
values in compliance with this standard are included. 

8.2 SpeciHed Nominal Focal Spot Values 

8.2.1 Nominal Values — To the focal spots of each type of X-ray tube 
assembly, nominal focal spot values shall be assigned, the values being: 

i) 1 to 0-2 in steps of 0*05, 

ii) 0*3 to 2-0 in steps of 0.1, and 

iii) 22 and upwards in steps of 0*2. 

8.2.2 Actual Values — The nominal focal spot value shall be related to 
the dimensions in the two directions of evaluation over the focal spot so 
that the values for the width and the length of the focal spot determined 
according to 8.3.5 are between the values given in Table 6. 

8.3 Measurement and Determination 

8.3.1 Measurement — The dimensions over the focal spot shall be deter- 
mined from a pair of focal spot slit radiograms. 

8.3.2 Measuring Arrangement — The focal spot sht radiograms obtained 
according to 3 shall be backlighted at approximately 3 000 Ix. They shall 
be examined by eye through a magnifying lens with a built-in graticule 
with divisions of 01 mm and a magnification 10. 

8.3.3 Measurement of Linear Dimensions — The extent of blackening shall 
be measured over eacli focal spot slit radiogram perpendicular to the 
length of the slit image at half of its length. 
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TABLE 6 PERMISSIBLE VALUES OF FOCAL SPOT DIMENSIONS FOR 
NOMINAL FOCAL SPOT VALUES 



( Clauses S.2.2 and 8AA ) 



Nominal Focal Spot 
Value 



(1) 

0-1 

0-15 

0-2 

0-3 

0*4 

0-5 

0-6 

0-7 

0-8 

0-9 

1-0 

1-1 

1-2 

1-3 

1-4 

1-5 

1-6 

1-7 

1-8 

1-9 

2-0 

2-2 

2-4 

2-6 

2-8 

3-0 



Permissible Valtjes 
Spot Dimension£ 

A. , 


3 OF Focal 

s mm 


Width 

(2) 
0*10to0'l5 


Length 

(3) 
O'lOtoO-15 


015to0-23 


0'15to0-23 


0-20 to 0-30 


0*20 to 0-30 


0-30 to 0-45 


0*45 to 0*65 


0*40 to 0*60 


0*60 to 0*85 


0*50 to 0-75 


0*70 to 1-1 


0-6 to 0-9 


0*9 


to 1*3 


0-7 to 1-1 


1*0 


to 1*5 


0*8 to 1*2 


1-1 


to 1*6 


0-9 to 1-3 


1*3 


to 1-8 


I'O to 1-4 


1-4 


to 2-0 


1-1 tors 


1-6 


to 2-2 


1-2 to 1-7 


V7 


to 2-4 


1-3 to V8 


1-9 


to 2*6 


1-4 to 1*9 


2*0 


to 2-8 


1*5 to 2-0 


2-1 


to 3*0 


1-6 to2*l 


2-3 


to 3-1 


1-7 to 2-2 


2.4 


to 3*2 


1-8 to 2-3 


2*6 


to 3-3 


1-9 to 2-4 


2-7 


to 3*5 


2-0 to 2-6 


2*9 


to 3*7 


2-2 to 2-9 


3*1 


to 4-0 


2*4 to 3-1 


3*4 


to4'4 


2*6 to 3-4 


3*7 


to 4*8 


2*8 to 3-6 


4-0 


to 5*2 


30 to 3-9 


4*3 


to 5-6 



Note — For nominal focal spot values from 0*3 to 3*0 inclusive, the permissible 
values in this table include the factor 0*7 ( see 3), 

8.3.4 Accuracy of Measurement — The indicated tolerances comprise the 
uncertainties of the measuring method. 



21 



IS : 12024 - 1986 

8. -1.5 Determination of Width and Length of Focal Spot — The magnification 
E used shall be determined with an accuracy within Jk 3 percent. 

Each linear dimension measured according to 8.3.3 shall be divided 
by the magnification E used. 

8.4 Evaluation and Statement of Compliance 

8.4.1 Evaluatian of Compliance — The values for the width and the 
length of the focal spot determined according to 8.3 in millimetres shall 
not exceed the permissible values for the nominal focal spot value given 
in Table 6. 

8.4.2 Statement of Compliance — If the compliance with this standard for 
one or more nominal focal spot value(s) is to be stated, this shall be done 
as single number (s) without any units, for example: 

Nominal focal spot value 0*6 determined from focal spot slit radio- 
grams. It shall be stated together with the following, as appropriate: 

a) Loading factors ( see 5.4.2.2 ), 

b) Special arrangements ( see 5.4,3 ), and 

c) Description of the longitudinal axis of the X-ray tube assembly 

( see5a.3A ). 

9. MODULATION TRANSFER FUNCTION 

9.1 The determination of one-dimensional modulation transfer function of 
the geometry of the focal spot of an X-ray tube assembly on the basis of 
a pair of focal spot slit radiogoms is given below. 

Criteria for compliance with this standard and a method of indicat- 
ing modulation transfer functions in compliance with this standard arc 
included. 

9.2 Specified Modulation Transfer Functions 

9.2.1 A pair of one-dimensional modulation transfer functions of the 
geometry of each focal spot shall be specified for each type of X-ray tube 
assembly. 

Compliance with this standard of the modulation transfer functions 
determined for an individual X-ray tube assembly shall be evaluated 
according to 9.7.1. 

9.3 Measuring Equipment and Measuring Arrangement 

9.3.1 The focal spot slit radiograms shall be scanned by means of a 
microdensitometer. The slit of the microdensitometer shall have a width 
b, referred to the focal spot slit radiogram not exceeding the width of the 
slit diaphragm used for the production of the radiograms. 
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The length of the sht of microdensitometer shall be limited so that 
it can be aligned to the direction of diaphragm slit projected on the 
radiogram in such a way that effective width 6eff) of the microdensitometer 
slit normal to the direction of the projected diaphragm slit will be smaller 
than twice the width, b^ of the microdensitometer slit, as shown in 
Fig. 9. 

The scanning direction shall be aligned normal to the direction of 
the diaphragm slit to within i 1°. 




PROJECTED ON THE 
RADIOGRAM 



DIRECTION OF THE 
MICRODENSITOMETER SLIT 



SCANNING DIRECTION 



bcti<2 b 



Fig. 9 Alignment of Slit of the Microdensitometer 

9,4 Measurement 

9.4.1 Measurement of Density Distribution — -The density over each focal 
spot slit radiogram obtained according to 5 shall be scanned normal to its 
longitudinal direction at half of its length. 

The total range scanned shall be at least four times the range of the 
main lobe shown in Fig. 10. 

The results of this measurement shall be presented as a curve show- 
ing density over the width of the radiogram. 

The mesh of measuring points shall be chosen so fine that a further 
refinement of the mesh would not result in a significant change of the 
density curve. 
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9.5 Corrections to be Applied — The values of density above base and 
fog .shall be transformed into a curve showing linear distribution over 
width of radiogram of the radiant intensity, by means of a sensitometric 
curve showing the relation between radiant intensity and density. 

The sensitometric curve shall be established using an identical 
radiographic film processed under the same conditions as that used for the 
focal spot slit radiogram. 

To limit input data for the calculation procedure of modulation 
transfer functions, the flanks of the curve of linear distribution of radiant 
intensity shall be reduced by linear extrapolation of the values at 15 per- 
cent and 5 percent of the maximum intensity as shown in Fig. 10. 



100% 




LINEAR DISTRIBUTION OVER THE RADIOGRAM *- 

Fig. 10 Limitation of Input Data 



9.6 Calculation of Modulation Transfer Function 

9.6.1 Calculation for Theoretical Magnifications Approaching Infinity — The 
one-dimensional modulation transfer function of the geometry of a focal 
spot shall be calculated by means of the Fourier transform. 
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The input values for carrying out the Fourier transform shall be the 
values of the linear distribution of radiant intensity over the focal spot 
slit radiogram, the abscissae in Fig. 10, divided by the magnification used 
according to 8.3,5 for the production of the focal spot slit radiogram 
and the corresponding values of radiant intensity, the ordinates in Fig. 10, 

The mesh of ordinates along the axis of abscissae shall be chosen so 
fine that the extent and the structures of the linear distribution of radiant 
intensity over the focal spot will be taken into account and a further 
refinement of the mesh M^ould not result in a significant change of the 
calculated modulation transfer function. 

9«6.2 Calculation for Standard Magnification — The values of spatial 
frequency obtained according to 9.4.1 shall be transformed according to 
the formula: 



/.-/ "• 



Mb - I 



where 



fg = spatial frequency for standard magnification given in 
Table 7, 

fx = spatial frequency obtained according to 9,6.1, and 

Afg « standard magnification. 



TABLE 7 STANDARD MAGINFICATION FOR MODULATION 
TRANSFER FUNCTIONS 



( Clauses 9.5.2, 9.6.1 and 9.6.3 ) 



NoMiNAi/ Focal Spot VAiiXjB 


Stanpakd Maqnificatioh 


/ 


Mb 


(1) 


(2) 


/< 0-6 


2 


0-6 </ 


1-3 



9*6*3 Calculation for Finite Magnification — For application of modulation 
transfer function under practical radiological conditions, the values 
obtained according to 9.5.2 or those given according to 9.6 are transformed 
according to the formula: 
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where 

/p ^ spatial frequency for desired magnification, 
/b = spatial frequency for standard magnification, 
Mq ~ standard magnification, and 
Mp = desired magnification. 

9.7 Presentation of Modulation Transfer Function 

9*7-1 The modulation transfer function shall be given as a curve show- 
ing the amount of the Fourier transform for the standard magnification in 
Table 7 as a function of spatial frequency in line pairs per miUimetre in 
a linear scale for both axes of co-ordinates so that for the spatial frequency 
^ifro, the amount of the Fourier transform is 100 percent. 

9.7.2 The modulation transfer function shall extend at least to the 
spatial firequency at which the amount of Fourier transform falls to 10 
percent but beyond this not further than to the spatial frequency at which 
it reaches a first minimum or reaches the spatial frequency axis. 

Note: — Generally, the modulation transfer function beyond the first minimum 
. is T)f little importance for practical applications. 

9.7.3 The pair of one-dimensional modulation transfer functions of the 
geometry of the width and length of one focal spot shall be presented in 
one diagram, together with the nominal focal spot value according to 8.4.2 
and the standard magnification according to Table 7. 

9.8 Evaluation and Statement of Compliance 

9.8.1 Evaluation of Compliance of Modulation Transfer Function — Each 
one-dimensional modulation transfer function of the geometry of an 
individual focal spot at any spatial frequency shall coincide with, or be 
higher than the specified modulation transfer function of the X-ray tube 
assembly according to 9.2. 

9.8.2 Statement of Compliance — If the compliance with this standard of 
a pair of modulation transfer functions is to be stated, this shall be done, 
for example, as follows: 

Modulation transfer function for a nominal focal spot value of 0*6 
an^ magnification of 1 -3. 

; It shall be stated together with the following, as appropriate: 
^ -a) Loading factors ( see 5.4.2.2 ), 

b) Special arrangements ( see 5.4.3 ), and 

c) Description of the longitudinal axis of the X-ray tube assembly 

( see 5.2.3.4). 
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10, STAR PATTERN RESOLUTION LIMIT 

10.1 The results of this method are u'-eful to detect changes of the chara- 
cteristics of a particular focal spot depending upon varying conditions of 
X-ray tube load ( j^^ 11 ) or after periods of use. 

The method described in 10,3 and 10.4 does not give exact results 
if the modulation transfer function does not contain a clearly defined 
minimum, as for example, in cases where the radiant intensity has an 
approximately Gaussian distribution over the focal spot. 

10.2 Specified Star Pattern Resolution Limit — If a type related star 
pattern resolution limit for the standard magnification given in Table 8 is 
established for a focal spot of an X-ray tube assembly, compliance with 
this standard of the star pattern resoultion limit for an individual X-ray 
tube assembly shall be evaluated according to 10.5. 

TABLE 8 STANDARD MAGNIFICATION FOR STAR PATTERN 
RESOLUTION LIMIT 

( Clauses 10.2, 10.4.2 and 10.4.4 ) 



Nominal Focal Spot Value 


Standard MAGNincAXioN 


/ 


Mb 


(1) 


(2) 


/< 0*6 


2 


0-6^/ 


1-3 



10«3 Measurement — In focal spot star radiograms obtained according 
to 7, the dimensions ^^^ and Z^ of outermost distorted zone shall be 
measured in two direction of evaluation ( see 5.2,3.2, 5.2.3.3 and 
Fig. 11 ). 

10*4 Detertnination of Star Pattern Resolution Limit 

10.4.1 Determination of Magnification — The magnification, M\ used for 
production of the focal spot star radiogram shall be determined with an 
accuracy within ±3 percent. 

10*4.2 Star Pattern Resolution Limit for Standard Magnification — The star 
pattern resolution limits, /2wb ^nd i^Lg, for standard magnification given in 
Table 8 shall be determined from the formulae: 






M' ~- 1 



M, 



M, 



M, 



A/« 
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where 

Ryff and i?Ls 

M' 
Ms 



= values for two directions of evaluation in line 

pairs per millimetre, 
= magnification according to 10,4.1, 

= standard magnification, 

= mean diameter of outermost distorted zone 
measured in the direction parallel to be longi- 
tudinal axis of the X-ray tube assembly in milli- 
metres, 

= mean diameter of outermost distorted zone 
measured in the direction normal to the longi- 
tudinal axis of the X-ray tube assembly in milli- 
metres, and 

= vertex angle of absorbing wedges in radians. 



^ Direction of the loogjtudfnal 
^ axis of the x ray tube assembly 




Fig. 11 Image OF THE Test Pattern 
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10.4.3 Stat Pattern Resolution Limit for Finite Magnification — For the 
application of star pattern resolution limit under practical radiological 
conditions, the values /?ws and /?ls obtained according to 10.4.2 or 
those specified according to 10.2 can be transformed according to the 
formulae: 






M« ~ 1 Ml 



p 



Ms Mp ~ 1 

Mb - 1 M„ 



Mb Mr, - 1 



where 

i?wp 2ind /?Lp = values for desired magnification, 

i2v?s ^i^d ^1-8 = values obtained according to 10.4.2 or specified 
according to 10.2, 

Mg = standard magnification, and 

Mp = desired magnification. 

IQAA Presentation of Star Pattern Resolution Limit — The star pattern 
resolution limit shall be given for the standard magnifi.cation given in 
Table 8. 

10.5 Evaluation and Statement of Compliance 

10.5.1 Evaluation of Compliance — If for a focal spot of an X-ray tube 
assembly, the star pattern resolution limit is specified, each value deter- 
mined according to 10.4.2 shall be equal to, or greater than the specified 
value. 

10.5.2 Statement of Compliance — If the compliance with this standard 
for a specified star pattern resolution limit is to be stated, this shall be 
indicated as follows: 

Star pattern resolution limit „., line per millimetere at standard 
magnification ..., ( see Note ). 

Note — The resolution limit shall be stated as a numerical value and the value 
of standard magnification shall be according to Table 7. 

11. BLOOMING VALUE 

11.1 The subsequent clauses deal v^ith determination of blooming value of 
a focal spot showing the dependence of size of the focal spot upon the 
X-ray tube load. 
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11.2 Specified Blooming Value 

11,2.1 If a type related blooming value is established for a focal spot of 
a type of X-ray tube assembly, compliance with this standard of the 
blooming value for an individulal X-ray tube assembly shall be evaluated 
according to 11.4.1 based upon values established according to 11.3. 

11.3 Determination of Blooming Value 

11.3.1 The blooming value shall be determined using pairs of star 
pattern resolution limits established according to 10, based upon focal spot 
star radiograms obtained with constant loading factors according to Table 
3 and Table 9 under the same operating conditions. 

TABLE 9 LOADING FACTORS FOR DETEMINATION OF 
BLOOMING VALUE 

NoMiNAi^ X-RAY Loading Factors 

Tube Voltage, 



U Required X-ray Tube Voltage Required X-ray Tube Current 
kV 

(I) (2) (3) 

U <,15 Nominal X-ray tube voltage *) Highest X-ray tube current 

75 < t/ < 150 ^c , TT I given in radiographic 

150 < t/ < 200 !^ rating for a loading time 

50% of the nominal X-ray \ of O'l s at the required 

tube voltage J X-ray tube voltage 

The blooming value, B, results from the following formula; 

B = 



^50 



where 

/?5Q r= star pattern resolution limit under operating conditions 

according to Table 3, and 
/JjQO = corresponding value under operating conditions according 
to Table 9. 

11.4 Evaluation of Compliance 

11.4.1 If for a focal spot of an X-ray tube assembly, the blooming 
value is specified, each value determined according to 11.3 shall be smaller 
than or equal to the specified value. 
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APPENDIX A 

( Clauses 5,2.1 y 6 Al and7.3A ) 

ALIGNMENT TO REFERENCE AXIS 

A-1. The values of the characteristics of a focal spot obtained by measure- 
ment and determination according to this standard are dependent upon 
various factors which are difficult to avoid or to compensate for, without 
very expensive test instrumentation and test procedures which can be 
expected in purpose equipped test laboartories only. 

A-2. One of these factors is the geometric alignment of slit diaphragm or 
pinhole diaphragm to the centre of the effective focal spot projected in 
the reference direction to the effective plane of the slit or pinhole 
diaphragm. 

A-3. Unless otherwise specified, it is assumed for the puspose of this 
standard that the target plane and the position of the target are suffici- 
ently adjusted and aligned to, and that the reference axis can be identified 
with respect to reference points at the outside of the X-ray tube assembly 
and, consequently, the slit or pinhole diaphragm can be adjusted properly 
without verification of the actual position of the focal spot. 

For double focus X-ray tube on different focal tracks, this alignment 
refers to the mid-position between the two effective focal spots. In this 
case correction factors shall be applied. 
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INTERNATIONAL SYSTEM OF UNITS ( Si UNITS J 



Base Units 








Quantity 


Unit 


Symtoi 




Length 


metre 


m 




Mass 


kilogram 


kg 




Time 


second 


8 




Electric current 


ampere 


A 




Thermodynamic 


Icelvin 


K 




temperature 








Luminous intensity 


candela 


cd 




Amount of substance 


mole 


mol 




Supplementary Units 








Quantity 


Unit 


Symbol 




Plane angle 


radian 


rad 




Solid angle 


steradian 


sr 




Derived Units 








Quantity 


Unit 


Symbol 


Oeflnltion 


Force 


newton 


N 


1 N = 1 kg.m/s« 


Energy 


joule 


J 


1 J = 1 N.m 


Power 


watt 


W 


1 W « 1 J/s 


Flux 


weber 


Wb 


1 Wb = 1 V.s 


Flux density 


tesia 


T 


1 T = 1 Wb/m2 


Frequency 


hertz 


H2 


1 Hz ^ 1 c/s (s-i) 


Electric conductance 


Siemens 


S 


1 S = 1 A/V 


Electromotive force 


volt 


V 


1 V «= 1 W/A 


Pressure, stress 


pascal 


Pa 


1 Pa = 1 N/ma 



